During animal development, gene expression is orchestrated by specific and highly evolutionarily conserved mechanisms that take place accurately, both at spatial and temporal levels. The last decades have provided compelling evidence showing that chromatin state plays essential roles in orchestrating most of the stages of development. The DNA molecule can adopt alternative structures different from the helical duplex architecture. G-rich DNA sequences can fold as intrastrand quadruple helix structures called G-quadruplexes or G4-DNA. G4 can also be formed in RNA molecules, such as mRNA, lncRNA and pre-miRNA. Emerging evidences suggest that G4s have crucial roles in a variety of biological processes, including transcription, recombination, replication, translation and chromosome stability. In this review, we have collected recent information gathered by various laboratories showing the important role of G4 DNA and RNA structures in several steps of animal development.
Introduction
Development is a process that involves continuous global changes of gene expression. It is widely accepted that the information stored in the genes of the DNA is the responsible for the success of development. However, transcription of specific genes does not occur all the time or in all cell types simultaneously. Such genes, stimulated or deactivated, can produce or not proteins or RNAs that alter both the shape and the behavior of each cell. The turn on or shut-off of genes, depend on both particular DNA sequences that bind trans factors (mainly regulatory proteins) and DNA accessibility restricted by the local chromatin structural conformation.
The DNA molecule can adopt alternative structures different from the broadly known helical duplex architecture discovered by Francis Crick and James Watson in 1953. Alternative non-canonical DNA structures, although less familiar than duplex DNA, are not less biologically relevant since they have functions that go beyond storing and transmitting genetic information. In the past few decades, a large number of scientific papers, both computational and experimental (in vitro and in vivo) have demonstrated that G-rich DNA sequences can fold as intrastrand quadruple helix structures called G-quadruplexes or G4-DNA. G4-DNA is formed by G-quartets or G-tetrads, planar arrays of four guanines paired by Hoogsteen hydrogen bonding and stabilized by monovalent alkali cations, mainly K + or Na + , located in the central cavities of the structure (Fig. 1A) . G4-DNA folding frequently occurs at the telomeric regions, ribosomal DNA, immunoglobulin heavy chain class switch recombination region, and in transcriptional regulatory regions of multiple genes and oncogenes (Maizels and Gray, 2013) . Genome-wide surveys based on a quadruplex folding rule have been performed, which have identified 376,000 putative G-quadruplex sequences (PQS) in the human genome, although probably not all of these form in vivo (Guilbaud et al., 2017; Hänsel-Hertsch et al., 2016 , 2017 Sahakyan et al., 2017) . The emerging evidences suggest that G4-DNA have crucial roles in a variety of biological processes, including transcription, recombination, replication, and chromosome stability (Bochman et al., 2012; Cahoon and Seifert, 2009; Cheung et al., 2002; Rodriguez et al., 2012; Siddiqui-Jain et al., 2002) . Except for telomeric overhangs, a prerequisite for the formation of G4 is the destabilization of the highly stable B-DNA double-strand helix. The current hypothesis states that transcription bubble generates regions of positive and negative supercoiling, which can be spread along the DNA-helix until reaching sites susceptible of structural transitions. G4-DNA may affect gene transcriptional activity by either upregulation or downregulation (Fig. 1B) . Therefore, a shift in DNA structural conformation could be another layer of non-genetic or epigenetic regulation of gene expression and thereby an important determinant of cell fate. G4 are also found in RNA molecules. Indeed, G-rich RNA sequences in protein coding RNAs (mRNAs), long non-coding RNAs (lncRNAs), and short RNAs such as human telomerase RNA component (hTERC or hTR) and precursor microRNA (pre-miRNA) may fold into G4-RNA. 
